Chronic hepatitis B (CHB) is prevalent worldwide. It may cause cirrhosis and hepatocellular carcinoma. Treatment for this condition may need to be lifelong, thus the drugs used must be both efficacious and safe. Clinical trials of tenofovir have demonstrated a good safety profile for this drug and it has potent antiviral properties. However, to better characterize the safety of this drug, the postmarketing surveillance must be taken into account. Clinicians need to be vigilant, as infrequent adverse events may be revealed during this phase. The current review presents a detailed exposé of preclinical and clinical data on tenofovir to increase awareness of possible adverse events and drugdrug interactions, based on the large experience of this drug in human immunodeficiency virus (HIV) treatment (and to date in patients with CHB). Several recommendations that may help the clinician to prevent the development of adverse events associated with tenofovir disoproxil fumarate (TDF) treatment are outlined, along with a suggested surveillance protocol for the timely and proper identification of possible renal and bone toxicity.
Introduction
It is estimated that 400 million people worldwide are affected by chronic hepatitis B virus (HBV) infection (CHB). The prevalence of HBV infection and its proclivity for a complicated course of disease vary widely according to the geographic area of study, sex, age of acquisition, and likelihood of viral mutations [Dienstag, 2008] . In North America and Western Europe the prevalence of HBsAg in cross-sectional studies is 0.31.5% [Weinbaum et al. 2009; Dehesa-Violante and Nuñ ez-Contreras, 2007; Zhang et al. 2001] , whereas in some regions of Asia and Africa it reaches 912% of the population [Weinbaum et al. 2009 ]. Overall, it is assumed that up to 4050% of patients with CHB will develop life-threatening complications such as cirrhosis, end-stage liver disease and hepatocellular carcinoma [McMahon, 2009] . The risk of liver-related mortality in CHB is 22 times that of the general population [Duberg et al. 2008 ].
The prolonged viral suppression needed to achieve loss of serum viral markers of infection (HBeAg and HBsAg) and the likely lifetime persistence of covalently closed circular DNA (cccDNA) within infected hepatocytes means that treatment of CHB often needs to be long-term, if not lifelong in some cases [Feld et al. 2009] . Bearing this in mind, the need for an efficacious and safe drug cannot be overemphasized. Hence, the ideal drug must have potent antiviral activity, a high genetic barrier conferring no or low antiviral resistance, has to be well tolerated and lack significant toxicity of any kind. Nowadays there are seven agents approved in several countries for the treatment of CHB, and in the light of the latest results in CHB therapy (including ongoing trials), tenofovir disoproxil fumarate (TDF) stands out as being both efficacious and having a favorable safety profile [Dienstag, 2008] .
In this review we will discuss the available information from clinical trials about efficacy and safety of TDF for the treatment of CHB, and make a critical analysis of data obtained from drug development. Experience from reports of TDF for human immunodeficiency virus (HIV) treatment will also be discussed. The intention of this detailed exposé aims to increase the awareness of clinically significant adverse events that may be observed in the future, now that the postmarketing era of TDF has started. Hopefully this review might help to foresee some potential issues so as to guide its proper use in the treatment of CHB.
The drug approval process and postmarketing surveillance The pathway from drug development to new drug delivery to treating physicians and their patients takes many years and has many hurdles. During the preclinical phase a thorough understanding of the pharmacology and toxicity profile of each drug is required, basically through experimental studies on cells, tissues and animals [Stevens and Baker, 2009] . Those drugs that are shown to be potentially safe and efficacious must then be registered with several worldwide regulatory agencies (i.e. FDA) so as to be able to fulfil the requirements enforced for initiating clinical trials (phases I through III). During these phases the investigational new drugs (IND) are tested in humans under ideal and controlled conditions, gathering an exposure experience that, although robust, only comprises several hundreds or at best a few thousands of patients. After completion of phase III randomized clinical trials (RCT) demonstrating both efficacy and safety, approval of new drug application (NDA) is required for the drug to be marketed [Giering and Smith, 1995] . However, this well-rounded system of drug development is not without flaws, and during the postmarketing era, some issues may bring uncertainty to the by then established data. Upon free access of the drug to any physician and patient, the drug exposure experience rises dramatically (reaching tens to hundreds of thousands of patients, within a heterogeneous and uncontrolled environment that may reveal albeit infrequent adverse events, which could have been missed in clinical trials due to the relatively small number of patients required to allow licensing, and restricted patient populations studied [Fletcher and Fletcher, 2005] . Especially for safety purposes, the appropriate ascertainment of a drug profile requires the assessment of the postmarketing surveillance data [Kaplowitz, 2001] .
Characterization of TDF: preclinical phase
Mechanism of action TDF is the oral prodrug of tenofovir, with antiviral activities against HBV and HIV. This acyclic nucleoside phosphonate (i.e. nucleotide) is an analogue of adenosine 5 0 -monophosphate that inhibits the activity of HBV DNA polymerase by competing with the natural substrate, terminating DNA chain elongation, and therefore, ceasing viral genome replication [Delaney et al. 2006 ]. It is a very weak inhibitor of mammalian DNA polymerases a, b, and mitochondrial DNA polymerase g, which may explain its favourable cytotoxicity profile [De Clercq and Holy, 2005; Lee et al. 2003 ].
Pharmacokinetics
The oral bioavailability of TDF ranges between 25% and 40% (depending on the amount of fat in meals), with a serum and intracellular half-life of 17 and 1050 hours, respectively. Over 90% of the drug circulates unbound to proteins, and it is eliminated unchanged in the urine via glomerular filtration and tubular secretion. As a consequence, its dosing has to be adjusted once the creatinine clearance is 50 ml/min. In the proximal renal tubules, the drug is secreted by the orchestrated action of the human organic anion transporters (hOAT1 and 3), from plasma to the tubular cell, and the multiple drug resistant (MDR4) apical efflux pump, from the tubular cell to the tubular lumen [Izzedine et al. 2005 ]. TDF does not undergo hepatic metabolism for its elimination, so it is not affected by hepatic impairment and can be safely administered to patients with impaired liver function [Viread, 2008] .
Pharmacologic interactions and toxicology
Since TDF has no clinically relevant interaction with the P450 drug metabolising enzyme system, the potential of drugdrug interactions is likely to be low [Viread, 2008] . Proven and potential drugdrug interactions to date are shown in Table 1 . Because of its renal elimination pathway, any drug that impairs renal function or competes for active renal tubular secretion can increase its concentration and hence potentiate TDF toxicity (i.e. antiherpetics, including cidofovir).
In pregnancy, the FDA category assigned to TDF is B, as animal studies have not shown any risk, although well-controlled human studies are lacking. Pharmacokinetic studies in pregnant women with HIV have confirmed that TDF crosses the placental barrier, with a transfer rate of $60% [Hirt et al. 2009 ]. However, human registries seem to indicate that the drug is safe, with a rate of birth defects that is similar to the general population [Brown et al. 2009 ]. Experiments in newborn and infant Rhesus Macaques have disclosed that in the short-term ( 3 months) TDF does not cause any significant toxicity, but with a prolonged regimen (!4 months) it causes growth restriction, bone deformities (hypophosphatemic ricketts) and renal tubular dysfunction. It is noteworthy that the doses administered to these animals were more than 18-fold higher than the regular dose approved for use in humans, and the lesions were largely reversible upon discontinuation of the drug [Van Rompay et al. 2004] . As a result, it seems that TDF is safe when data on short-term perinatal exposure at the regular dose is considered, but there are no studies assessing the long-term effects of exposed mothers and infants [Foster et al. 2009 ]. Based on animal studies, it is presumed that TDF can be secreted in breast milk, therefore breastfeeding of infants is not recommended, as the effects of TDF exposure on neonates or infants are unknown. Studies on carcinogenesis, mutagenesis and fertility, whether in vitro or in animals, with doses over five times that seen in humans on standard doses of TDF have not shown any consistent adverse findings that raise concern for humans [ Viread, 2008] .
Clinical trials of TDF for chronic hepatitis B
Although the ultimate goal of treatment in CHB is eradication of the infectious agent, this is rarely, if ever achieved within the liver, because HBV DNA in the form of cccDNA is present in hepatocytes. Consequently, several intermediate or surrogate outcomes have been used as endpoints: alanine aminotransferase (ALT) normalization, HBV DNA suppression, HBeAg seroconversion. These have shown more or less reliability to predict clinically relevant events, such as the prevention of cirrhosis, end-stage liver disease and hepatocellular carcinoma. Some of the more common and better-characterized endpoints are shown in Table 2 . HBsAg loss and seroconversion are to date the best endpoints heralding durable immune control of the virus [Feld et al. 2009 ].
There are not many phase I/II clinical trials with TDF specifically in CHB, as the information needed came from the numerous studies of TDF in HIV. These studies established the basis for the treatment of monoinfected patients with HBV and contributed data regarding the safety profile of TDF in these patients. As early as 2003 case descriptions of patients 'salvaged' from lamivudine-resistant HBV with TDF were published [Kuo et al. 2004; van Bö mmel et al. 2003 ]. Later, two pilot studies (including at least 20 patients) strengthened the clinical application of TDF in patients with lamivudine-resistant CHB, and indicated that TDF was more effective than adefovir, and that it may be effective even in cases that had failed adefovir therapy [Tan et al. 2008; van Bö mmel et al. 2004 van Bö mmel et al. , 2006 .
Currently there are two ongoing multicenter phase III trials (double-blind RCT for the first year only) and the outcomes after the first 48 weeks have been published . In Study 103, a total of 266 HBeAg(+) patients received either TDF (n ¼ 176) or adefovir (n ¼ 90), while in Study 102, 375 HBeAg(-) patients were randomized to receive either TDF (n ¼ 250) or adefovir (n ¼ 125). Patients may have received treatment with other nucleos(t)ide drugs. The main endpoint was a combined virologic and histologic response (HBV DNA <69 IU/ml and a reduction in !two points in Knodell necroinflammatory score without an increase in fibrosis). Significant differences in this combined outcome favoring TDF were observed in both studies. The proportion of patients with undetectable HBV DNA was 76% for TDF and 13% for adefovir in HBeAg(+) patients; and 93% and 63%, respectively, for the HBeAg(-) group. In the TDF groups no difference was found between patients previously treated with lamivudine and those that had not received this drug. The rate of HBeAg loss was 21% for TDF and 18% for adefovir, a nonsignificant difference. HBsAg was lost in five patients (3.2%) treated with TDF within the HBeAg(+) group ].
Further follow-up of Study 103 for 96 weeks has shown that TDF treatment was able to maintain suppressed HBV DNA levels in 78% of patients, while in those originally randomized to adefovir, all of whom were switched to TDF at week 48, a HBV DNA suppression rate of 82% was observed. The cumulative HBeAg seroconversion and HBsAg loss were 2227% and 6%, respectively (the latter limited to only those HBeAg(+) at baseline). Greater than 80% of the original patients recruited to this trial remained on TDF therapy up until week 96 .
In coinfected patients with HBV and HIV the information regarding TDF is rather heterogeneous, and data on efficacy derived from controlled trials is scarce. Analysis of cohorts which have included at least 20 patients with HBV-HIV suggest that TDF containing regimens can suppress HBV DNA levels in the majority of patients [Lacombe et al. 2008; Jain et al. 2007; Benhamou et al. 2006; Schmutz et al. 2006; Stephan et al. 2005; Nelson et al. 2003] , with loss of HBeAg ranging from 6% to 40% after 1 year of treatment [Lacombe et al. 2008; Jain et al. 2007; Stephan et al. 2005] , and has been shown to be as effective in naïve as in lamivudine-resistant CHB [Schmutz et al. 2006 ]. These studies have failed to identify any differences when TDF is administered alone or with lamivudine [Schmutz et al. 2006 Only one patient in the adefovir group lost HBeAg (4%). Matthews et al. [2008] in a nonblinded RCT demonstrated neither a significant superiority of two antiretroviral regimens containing TDF (11 patients with lamivudine and 12 without it) versus a regimen with lamivudine as the only anti-HBV drug (13 patients). The proportion of patients with undetectable HBV DNA after 48 weeks of therapy for each group was 64%, 75% and 46%, respectively. The rate of HBeAg loss for TDF regimens was 17% and 43%, while for lamivudine it was 33%. The rate of HBsAg loss was 8% in the three arms of this study. Therefore, in these small and underpowered clinical trials, superiority of TDF or dual therapy of TDF and lamivudine could not be ascertained.
Antiviral resistance
Another major issue related to efficacy of any drug used in the treatment of CHB is the development of resistant strains of HBV. In vitro studies have disclosed the development of certain mutations that may confer decreased susceptibility to TDF [Delaney et al. 2006; Brunelle et al. 2005 ].
The clinical relevance of these mutations is dubious, although in a few cases, evidence for cross-resistance with adefovir-resistant mutations has been observed [Tan et al. 2008] . Resistance surveillance in Studies 102 and 103 during the 96 weeks of treatment have shown that, five out of ten patients with virological breakthrough (defined as an increase !1 log 10 from nadir or confirmed HBV DNA !69 UI/ml after having been <69 UI/ml) developed different polymorphic site changes in HBV polymerase. However, some of these polymorphisms were common at baseline and therefore not related to virologic breakthrough, while the others did not affect response to TDF in vitro. Conserved site changes, only identified in four patients, were not accompanied by virologic breakthrough. The main factor associated with breakthrough was a history of noncompliance Snow-Lampart et al. 2008] . Regarding patients with HBV-HIV coinfection, genotypic analyses of 43 TDFexperienced patients showed a decrease in the in vitro response [Sheldon et al. 2005 ]. However, the genotypic variations in HBV polymerase identified at baseline in several studies have not been associated with phenotypic resistance to TDF; rather, coadministration of TDF and lamivudine can suppress the development of mutations conferring resistance to the latter [Matthews et al. 2008; Jain et al. 2007; Benhamou et al. 2006; Nuñ ez et al. 2006; Peters et al. 2006 ]. Although not thoroughly studied, the available evidence implies that there is no difference in the genetic barrier of TDF against HBV between monoinfected and coinfected patients.
Safety of TDF
The classification of the severity of drug-related adverse events is complex. A simplified approach to clinical and some laboratory parameters is shown in Tables 3 and 4. In one of the large registration trials of TDF for HIV (Study 907) in which patients who were antiretroviral experienced were randomized to either TDF or placebo, the more frequent grade 24 adverse events (!3%) observed were: diarrhea (11%), nausea (8%), asthenia, pain (7%), headache, a rash event (5%), vomiting, abdominal pain and depression (4%); while the more frequent grade 34 laboratory abnormalities (see Table 4 ) were: elevated triglycerides (8%), creatine kinase (7%), serum amylase (6%), ALT/AST (4%), and glucose (3%); and glucosuria (3%). However, these reactions did not occur more frequently than in patients randomized to placebo [Viread, 2008] . In the two RCTs in monoinfected patients with CHB (Studies 102 and 103) nausea was the only adverse event that occurred more frequently in TDF than in adefovir-treated patients (9% versus 3%), although only in one case it was grade 2 (grade 1 in the others). Other common (!3%) adverse events observed in patients on TDF were: headache (13%), nasopharyngitis (10%), fatigue (8%), abdominal pain, back pain, diarrhea (7%), and dizziness (6%). The most common grade 34 laboratory abnormalities (see Table 4 ) reported were: increase in ALT and aspartate aminotransferase (AST) (up to 10%), serum amylase (4%), and glycosuria (3%). Elevated creatine kinase was observed in 2%. Hepatitis flares (grade 4 in 3%) occurred early in the course of the trial (first 8 weeks), resolved spontaneously without adjustment in TDF, did not lead to hepatic decompensation and were associated with a decrease in HBV DNA levels. TDF was discontinued because of fatigue and other uncommon adverse effects in five patients (1%), in none were they considered severe . Increases in serum creatinine (>0.5 mg/dl above baseline) and grade 2 hypophosphatemia (see Table 4 ) have been described in less that 1% of patients after a follow-up of 96 weeks. Nevertheless, the effect of TDF is confounded by the fact that all of these cases were originally randomized to adefovir and switched to TDF after 48 weeks . Pilot studies neither reported an increase in serum creatinine levels or change in phosphate levels [van Bö mmel et al. 2006 [van Bö mmel et al. , 2004 . Not a single case of renal tubular dysfunction has been reported in the literature.
Regarding adverse effects in the HBV-HIV coinfected population, at least two issues which could potentially affect safety require special attention: a higher rate of hepatitis flares presumably as consequence of immune reconstitution, as well as an increased risk of drug-related toxicity caused by antivirals alone or when combined with other antimicrobials. Hepatitis flares were identified in 2125% of patients [Matthews et al. 2008; Peters et al. 2006 ], but were not associated with changes in synthetic function, except for one patient who developed rapid hepatic decompensation and died [Matthews et al. 2008] . In some cases, flares were followed by HBeAg seroconversion [Matthews et al. 2008] .
It is noteworthy that in both trials the definition of a flare of hepatitis B required elevation in ALT (three to five times the upper limit of normal, or >100 IU/ml from baseline if elevated) below that recommended by FDA (>10 times the upper limit of normal). Studies 903 and 907 reported that 3/15 (20%) patients within their subsets with coinfection, developed grade 34 ALT elevations as isolated abnormalities not leading to hepatic decompensation [Dore et al. 2004 ].
In the RCT of HBV-HIV coinfected patients no derangement in the levels of serum creatinine was noted after 48 weeks of treatment [Matthews et al. 2008; Peters et al. 2006 ], but in one trial 3/27 (11%) cases with TDF developed grade 2 hypophosphatemia, and 3 patients had at least one episode of acute pancreatitis (2 while on didanosine, allocation not specified) [Peters et al. 2006] . Differences between the arms of treatment for each study were not reported. One case of renal tubular dysfunction, occurring in a patient with concomitant non-Hodgkin lymphoma that presented as Fanconi-like syndrome, was reported in a cohort of 54 patients. The renal disorder resolved within a few weeks of TDF withdrawal [Benhamou et al. 2006 ]. There may have been untoward drugdrug interactions which promoted these unfavorable events.
Lessons to learn from the HIV experience

Mitochondrial toxicity
Most of the severe adverse effects associated with antivirals used to treat HIV patients derive from what is known as mitochondrial toxicity. This occurs because nucleos(t)ide analogues are incorporated into the human mitochondrial DNA (mtDNA) polymerase-g, causing energy decline, oxidative stress, and ultimately mtDNA mutations [Lee et al. 2003 ]. Clinical correlates of mitochondrial toxicity are: lactic acidosis, fat redistribution syndrome, hepatic steatosis, acute pancreatitis, proximal renal tubular dysfunction, myopathy, and peripheral neuropathy [Moyle, 2005] ; and some of these were not identified until the postmarketing period of TDF. Many factors can influence this toxicity but enzymatic studies have disclosed that the drugs used to treat CHB (i.e. TDF and lamivudine) have extremely low indices of mtDNA toxicity, when compared with other nucleoside reverse transcriptase inhibitors used to treat HIV (i.e. nucleoside reverse transcriptase analogues or NRTI, such as zalcitabine, didanosine, stavudine) [Lee et al. 2003 ]. Studies in animals and in vitro have failed to demonstrate TDF-associated mtDNA toxicity [Venhoff et al. 2007; Biesecker et al. 2003; Birkus et al. 2002] . Also, evidence on the improvement of the fat redistribution syndrome upon change from stavudine to TDF has been reported [Ananworanich et al. 2008] .
Current evidence makes it impossible to be adamant that TDF does not play a role in mtDNA toxicity. It is tempting to assume that most of these toxicities are the result of complex drug interactions in vulnerable patients infected with HIV, as it has been noted that untreated HIV can also exert mtDNA toxicity [Moyle, 2005] . Accordingly, the rates of some of these complications (increases in serum amylase and creatine kinase) in the trials of TDF have been less in those treated for CHB versus those with just HIV; and no cases of lactic acidosis, fat redistribution syndrome, hepatic steatosis, and peripheral neuropathy have been reported in the former. Nevertheless, caution is advised with TDF administration, and especially when other drugs that can also potentially cause mtDNA toxicity are used concomitantly. A list of some of these drugs/substances is shown in Box 1.
Proximal renal tubular dysfunction
After the good renal safety profile identified in the registration studies of TDF for the treatment of HIV [Gallant et al. 2004; Squires et al. 2003; Schooley et al. 2002] , cases of acute renal failure in patients receiving TDF begun to appear in the medical literature, some associated with the Fanconi syndrome (urinary loss of amino acids, glucose, uric acid, phosphorus, bicarbonate and low molecular weight proteins) and nephrogenic diabetes insipidus [Creput et al. 2003; Karras et al. 2003; Verhelst et al. 2002; Coca and Perazella, 2002] . A review of the adverse events reported to FDA after the first 5 years of TDF approval for the treatment of HIV identified 164 cases of Fanconi syndrome, although this publication was limited by the inaccuracies of spontaneous reporting of cases and lack of validation of the submitted reports. The majority of these patients had received protease inhibitors as part of their HIV therapy, primarily ritonavir-boosted regimens, or had had didanosine co-prescribed [Gupta, 2008] . In prospective studies, three cases of Fanconi syndrome out of 154 patients (2%), and five with severe renal injury in a series of 40 patients (13%) have been identified; along with a rate of hypophosphatemia of 10% (all grade 1, except for one patient with grade 2) [Kinai and Hanabusa, 2009; Labarga et al. 2009; Essig et al. 2007 ]. Two of these three studies were controlled and identified impairment in renal phosphate transport (whether alone or in association with other abnormalities such as tubular proteinuria) in 22% and 45% of patients on TDF, a significantly higher proportion than that observed in the controls in either study [Kinai and Hanabusa, 2009; Labarga et al. 2009 ]. The lower rate of hypophosphatemia than hyperphosphaturia has suggested that some patients may develop isolated hyperphosphaturia because of the compensating effect of increased bone resorption of phosphate. This raises a concern about possible bone toxicity in patients chronically taking TDF [Essig et al. 2007 ].
The cause of the renal tubular dysfunction in patients treated with TDF may be secondary to specific mtDNA toxicity within the proximal tubules. This hypothesis is biologically plausible, as TDF is secreted in the proximal renal tubules through a mechanism involving the hOAT-1 and -3, and the MDR4 efflux pump. Polymorphisms in these transporters or drug interactions could lead to a toxic increase in intracellular concentrations of TDF (presumably promoted by concomitant ritonavir). Although in vitro studies have not supported mtDNA toxicity in proximal renal tubule cells [Vidal et al. 2006 ], two recent models in animals showed clear evidence for [Dhillon et al. 2008; Dykens and Will, 2007; Hanes et al. 2007; Moyle, 2005] .
this effect [Kohler et al. 2009; Lebrecht et al. 2009 ]. Kidney biopsies in humans with Fanconi syndrome also suggest mtDNA toxicity within the proximal tubules in some cases [Woodward et al. 2009; Peyriere et al. 2004; Izzedine et al. 2004; Creput et al. 2003; Karras et al. 2003; Coca and Perazella, 2002] . Just as stavudine is known for the development of fat redistribution syndrome and zidovudine for the myopathy it causes [Lee et al. 2003 ], it has been suggested that proximal renal tubular dysfunction could represent the prominent feature of mtDNA toxicity in patients taking TDF [Bagnis et al. 2009; Gitman et al. 2007] . A group of clinicians with specific expertise in HIV have developed a screening strategy for assessing hypophosphatemia and proximal renal tubular dysfunction while on treatment, so as to identify early and intervene with changes in management [Bagnis et al. 2009 ].
Bone toxicity
Isolated cases of osteomalacia have been reported in the literature occurring in HIV patients treated with TDF complicated by the Fanconi syndrome [Perrot et al. 2009; Torres-Isidro et al. 2006; Parsonage et al. 2005; Earle et al. 2004] . Prospective studies in HIV patients given a TDF-containing antiretroviral regimen looked for bone abnormalities in patients with proximal renal tubular dysfunction. Both osteomalacia and osteopenia (12 out of 22, and four out of 90 patients, respectively) were observed [Woodward et al. 2009; Essig et al. 2007 ]. The prevalence of these bony complications are so far unknown, as these cohorts represent highly selected populations, and there was a clear referral-bias in one study [Woodward et al. 2009 ]. Increases in serum levels of alkaline phosphatase while on TDF have been described, presumably from enhanced bone turnover [Kinai and Hanabusa, 2009] , even in the absence of renal abnormalities [Fux et al. 2008 ]. These findings suggest that this complication may occur even without florid proximal renal tubular dysfunction. Prospective studies specifically assessing bone content and renal tubular function are required.
HBV versus HIV: two different clinical scenarios Although efficacy of TDF seems to be similar between HBV monoinfected and HBV-HIV coinfected patients, it is expected that the context of the safety of TDF in patients with just CHB may be unlike those with HIV. Frequently patients with HIV end up on multiple drugs [i.e. use of several antivirals and antimicrobials, nonsteroidal anti-inflammatory drugs (NSAIDs)], which significantly increase the chances of having an adverse drug reaction. With regard to potential kidney damage, apart from drug-associated toxicity and some complex drug interactions that have been reported, HIV infection is associated with a variety of glomerulopathies not observed in patients being treated with TDF for CHB. Perhaps also relevant is that opportunistic infections do not occur in CHB and associated conditions such as atherosclerotic diseases are much more infrequent in CHB than in HIV/AIDS [Cho and Kopp, 2004] .
The coexistence of several factors related to disease and adverse drug effects make it difficult to directly apply the experience of TDF in HIV to that of CHB in monoinfected patients. The unique case of proximal renal tubular dysfunction in CHB was reported in a patient with concomitant treated HIV who also had non-Hodgkin lymphoma [Benhamou et al. 2006 ]. Nevertheless, close observation must be maintained when TDF is used for treatment of CHB. Some of the complications witnessed in patients with HIV were only observed during the postmarketing era (i.e. proximal renal tubular dysfunction). By no means is it suggested that a parallel evolution will occur in CHB monoinfection, but heightened awareness allowing for timely intervention is advocated.
Recommendations to avoid toxicity based on the HIV experience So as to avoid toxicity in patients with CHB under treatment with TDF it is necessary to well characterize any coexisting risk for toxicity, especially under circumstances favouring renal injury (older age, diabetes mellitus, atherosclerotic disease, chemotherapy). A dynamic adjustment of the interval of dosing according to creatinine clearance in patients with elevated serum creatinine is of utmost importance (Table 5 ). It should be remembered that creatinine alone cannot identify subtle changes in renal function, especially in patients with low muscle mass (i.e. the elderly, the sick) in which the glomerular filtration rate is overestimated. Additionally, avoidance of any known drugdrug interaction is recommended (Table 1) , and in cases in which this is not possible, increasing the closeness of follow-up with careful history taking and laboratory tests may allow a timely identification of unexpected complications. Advice from pharmacists is encouraged, and referral to trained specialists should be considered, especially in HBV-HIV coinfected people. Both alcohol and NSAIDs should be discouraged, and the concomitant use of two or more drugs with potential mtDNA toxicity should be used with caution (Table 4 ). Of course, any symptom reported by patients or abnormalities observed on physical or in laboratory tests should be evaluated in a wider clinical context, although the possibility of TDF toxicity must not be disregarded. A proposed approach for the assessment and follow-up of those patients with CHB that develop renal abnormalities under treatment with TDF is shown in Figure 1 . 
Conclusion
The rate of seroconversion (HBeAg and HBsAg) when TDF is given in the long-term to subjects with CHB still remains unknown as the rates disclosed so far are premature. However, the data analyzed in this review, viewed within the context of present endpoints of treatment, allows us to suggest that TDF is both efficacious and safe for the treatment of CHB. However, to fully ascertain such a statement does not end with the approval of the NDA, especially when considering the safety profile of TDF used over many years, so monitoring must continue in the postmarketing era and reports made of any evidence of toxicity. It is the responsibility of all physicians to prescribe TDF in line with current recommendations, keeping in mind some of the suggestions outlined herein. Only a responsible and directed surveillance of complications will allow the disclosure of possible unknown adverse effects to the corresponding health authorities.
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